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(54) Organic eleotrolumineecent device 

(57) An organtc EL structure Is formed on a sub- 
strate (1 ), and a saallng sheet (3) is located at a position 
above the substrate (1), where the sealing sheet (3) 
oomea in no conlacL wilh the organic EL structuro (2). A 
height from the aurfaoe of the eubetrate, on which an 



organic EL device etructure {n a film form ia provided, to 
a juration of the scaling sheet with the substrate has a 
value larger than the value obtained by adding the size 
of an irregularity or undulation of the seating sheet to 
the height of the organic EL structure. 
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Description 

BACKGROUND OF THE INVENTTON 

s [0001] The pre&orit Invention relates generally to an organic EL (elect rotumincscent) devfcd ueing an organic com- 
pound, and mofG spaclfloally to an Improvement in or relating to a eealing sheet used therewith 
[0002] In recent years, organic EL devices have been under tnteneive investigation. One such davice 19 basically 
built up of a thin film form of hole transporting material such as trfphenyidlamind (IPO) deposited by evaporation on a 
hole injecting electrode, a light emming layer ol fluorescent material such as an aluminum quinolinol complex (Alc^ 

to laminated the/eon. and a metal (electron Injecting) electrode of a metal having a low work furwtion such as Mg and 
formed on the light emitb'ng layer. Thie organic EL device now attracts attentions because a very high luminance ranging 
from several hundreds to lens of ttiousanda cd/nt^ can be achieved with a voltage of appraximately 10 V 
[0003] A grave problem With an organic EL device is that it is acutely sensitive to moistura. Exposure of the organio 
EL device to moisture, for Instance, caueee a light emitting layer to peel off efectrode layers, or materials forming part 

15 thereof to degenerate. This results in another problem thai non-JJght emissbn spots called dark spots occur or any 
consistent iighT emission cannot be kepL 

[0004] One approach icnown to solve this problem is to fix an airtight case, a sealing layer or the like ctosery on a 
substrate to oover an organic EL multilayer structure, thereby shielding It from the outside, as typically disclosed It JP- 
A's 5-36475, 5-89939 and7-1B95S7. 

^ [0006] However, the provision of such a eealing layer in a box form is not suitable for the mass production of organic 
EL devices because of a production cost increase. For such a sealing layer, inexpensive glasses'are usually employed. 
When a glass sheet is used with no modification thereto, however, it is likely to come into contact With, or abutment 
on< an organic EL muttHayer structure, resulting In a breakdown of the organic EL structure. In an effort, a spacer or 
the like Is used to bond a glass eealing sheet to an organic EL structure while the glass sealing sheet is kept at a height 

2B higher than the organk: EL structure. Even when the portk^n of the glass sealing sheet bonded to the organic EL 
structure is kept at the required height, however, it is likely that the undulatrors of the glass sealing sheet and a substrate 
with an organic EL devteo stacked thereon cause the glass eealing sheet to come into contact with, or abutment on, 
an organic EL device structure, resulting in a breakdown of the organic EL structure or tfie ooeurrence of dark spots. 
When the sealing sheet Is kept at a height higher than required, on the other hand, a problem arises in conjunction 

<30 with alrtlghtness. and no suitable spacer Is available. 

SUMMARY OF THE INVENTION 

[0006] An object of the invention Is to provide an organic EL device comprising a soaling sheet that can lio produced 
3fi at low costs yet with high productivity, and can bo located in neither conlacl wUh nor abulment on an organic EL structure 
while there Is a proper clearance between thorn. 

[0007] As a result of studies of the contact or abutment of such a glass sealing sheet with or on an organio EL 
structure, the inventors have found that such contact or abutment is ascnbable to the irregularities or undulations of 
the glass sheet. The Inventors have also found that the more ioaxpensive the glass, the more noticeable the irregu- 
laritiss or undulations Of the glass become, and that if a gfeass sealing sheet Is located at a height larger than the size 
01 an Irregularity or undulaton thereof, the contact or abutment Of the glaee eeaKng sheet with or on an organic EL 
structure can then be provkied with a necsssary minimum height. 
[0008] The aforesaid object » achieved by the inventions defined bekyw as (1 ) to (8). 

45 (1 ) An organic EL device, which comprises a substrate, an organic EL structure provided on the substrate, and a 

seating sheet located at a position above said subelrate, where said sealing sheet is in no contact with said organic 
EL structure, and in which a height from a surface of safd substrate, on which a film form of organic EL davk:e 
structure Is formed, to a JurKtlcn of saJd eealing sheet with said subsUate has a value larger than a value obtained 
by adding a size of an inegularity or undulation of said sealing plate to a height of said orpanic EL structure. 

so (2) The organic EL device according to (1 wherein saki sealing shset is an unground flat sheeL 

(3) The organic EL device according to (1) or (2), wherein the size of sakI irregularity or undulation of said eealing 
sheet is within 60 )ixu, 

(4) The organic EL devk)e according to any one of (1) to (3), wtiorain the height from the surface of said substrate, 
on which saki film form of organk: EL structure Is foimed. to the junction of said sealing sheet with safd substrate 

^ ]fi uptol20MJ7i. 

(5) The organk: EL dcvk^e according to any one of (1) to (4), wherein a spacer is interleaved between the surface 
of euid substrate on which eald film torm of organic EL structure is formed and the juncllon ol said eealing sheet 
with sakJ sut>8trate. 
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(6) Tho organifi BL device according to any one o1 (1) to (5), whoroin a recess 13 provided in a lower ekJe of said 
fioaling eheet and in &t least an area of said sealing ehoet that opposes to said organic EL structuro. so that the 
height from the eurfacs of said substrate, on which said film form of or^nb EL siructura is formad, fo the Junction 
of said sealing sheet with aald eubstrate is adjusted by a depth of said recess. 

(7) The organic BL device according to (6). wherein the recess in said seaJing sheet is formed by sandbtaeting or 

cutting. 

(d) The organic EL device according to (6) or (7), wherein eaid eealing sheet is bonded to said subetrate using an 
adhesive agent having a spacer of 3 to 10 lun. 



10 BRIEF DESCRIPTION OF THE DRAWINGS 



[0009] Figure 1 is a Sectional view illustrating one embodiment of the organic EL device accondtng to the frivcntlon. 
[OOlCq Figure 2 is a Sectional view illustrating another embodiment of the organic ELdavieo according lo the invention, 
wherein a recess is provided in a sealing sheet. 
f5 (DO1 1] Figure 3 Is a secUonal view illustrating one exemplary arrangement of a oonventionai organic EL device. 

DETAILED EXPLANATION OF THE PREFERRED EIWEODiMENta 

[0012] Some specmc embodimenis of the invention will now be explained at great length. 
20 [0013] Tho organic EL device of the invention oomprlses a substrate, an organic ELfiiructure formed on the substrate, 
and a sealing sheet located at a position atx>vB the substrate, where the sealing sheet Is in no contact with The organic 
EL device. The height from the surface of the substrate, on which the organic EL structure in a film form is formed, lo 
the junction of the sealing sheet with the subslrate has a value larger than the value obtained by adding the size of the 
irregularity or undulation of the sealing sheet to the hslghi of the organic EL device. 6y locating the sealing eheel at 
the height having a value larger than the vafue obtained by adding the size of the irregularity or undulation of the sealing 
sheet lo the height of the organic EL device. It is thus possible to prevent any interference between the sealing sheet 
and the organic EL elruclure with a necessary minimum height 

[0014} The sealing sheet in a flat eheet form may be made of transparent or translucent materials such as glasees, 
quartz, and resins. However, preference is given to glasses. Preferable glass materiais, tor instance, include soda lime 

30 glass, lead alkali glaffi, borosilicale glass, aluminosilicata glass, and slflca glass. Preferably, the glass materials are 
formed into sheets by rolling-out, down loading, fusion, and floating processes. If required, the glass materfals are 
treated on their surfaces by grinding, SlOg barrier coating or the like. Of these glass materiate, a fioda Hme glass sheet 
made by the floating process and subjected to no surface treatment Is preferable because it can be used at low costs. 
[001 6] The size of the irragulariiy or undulation of the ssalTig sheet Is herein defined by a displacement of Irregufaritfes 

9S of Other portions of an Inside major surface of the sealing sheet with respect to a plane that connects together Junctions 
of the sealing sheet with the substrate. The junction of the sealing sheei Is understood to refer to an area thereof that 
opposes to the substrate and is other than an area thereof that opposes to the organic EL structure, said area of the 
sealing sheet being fixable to Ihc substrate using an adhesive agent The size of such an irregularity or undulation Is 
preferabV up to 60 ^m, and more preferabfy up to GO ^m. The lower limit to that size is at least 1 ^m although the 

40 invention is not particulaily limited thereto. Even more prefeiabfy. the size is within the range of 10 to 40 \}xr\. A sealing 
sheet having irregularities or undulations within this ^nge Is Inexpenslveiy available, and is not affected by such irreg- 
ularities or undulations, 

[0016] Preferably, the sealing siiest Is located at a height that is larger than the thlcloisss obtained by adding the 
irragularlty or undulation of the seating sheet to tiie height of the film form of organic EL structure (that is understood 

4$ 10 refer to an organic EL structure comprising a laminate of organic layers such as hole infecting electrode and light- 
emitting layers and an electron Injecting electrode, etc. except the sealing sheet). Preferably in this case, a gap from 
the lowermost end face oi the sealing sheet to tho upper end of the organic EL structure is at least 40 jim, and especially 
at least 1 00 \xm. Although thero is no upper limit tothe gap, it is preferred that the gap is at most about 200 pm. because 
too large a gap may offer a problem In connactfon with the sealing effect achieved. 

« [0017] Tho sealing sheet may be u&ed without intermediary. However, it is preferable that a rocess having some 
depth is provided In the lower side (inside) of the sealing sheet i.e.. the surface of the eealing sheet that opposes to 
the organic EL structure. In this case, the lower end fiace of the sealing sheet that reprosents a reference with respect 
to the organic EL alnjcturo is defined by the bottom of lhaformed rocass. "Rie recess is formed by cult^off orothemviso 
removing at feast a portion of the sealing sheet that opposes to the organic EL structure, or may possibly come in 

fi* . contact with or abutrrkont on the organic EL structure. Although it is acceptable that the bottom of the recess has some 
irregularities or undulations, yet it is preferable that the portion of the seaJing eheet nearest tothe organic EL structure 
is located at a height higherthan the upper end of tfia organic EL structure. Although varying depending on the thicknesa 
of the sealing sheet, the depth of the recess to be provided Is preferably about 5 to 30% and more preferably about S 
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to 20% of the dealing fiheat, or Udualry about 50 to 200 |ijn and espGcfally about 80 to1 50 pm. 
[001 8] Thg reoeee may be provldod in the sealing sheet by a suHabie process selected from the means known lo 
machine or othorMdae procees glasses, quartz, resins, etc. For inetanoe. glass may be proceeded by sandbtasiing, 
etching, ultrasonfc processing, etc. Of Ihesa proceeses. sandblasting arKl grinding are preferred with eandblasting 
8 being most preferred because of its low production cost. 

[001 q How to controi the heighl of the sealing eheet lo not crttlcal to the praoiice of the invention. However it is 
preferable to use a spacer. By use of the spacer. It le poesible to obtain the desired height Inexpensrvely yet easily: 
The spacer nnateriai may be resri beads, sliica beads, glass beads, glase tibais, etc.. with glase fibers being most 
preferred. Usually, the spacer has a thicknase of preferabfy about 1 to 500 pm. more preferably about 10 oo 200 ^m 
10 and even more preferably about 1 0 to 20 \m\, or at>out 1 00 to 200 

[0020] The spacer may or may not be ueed When the recess is provided in Ihe sealing plate. When the spacer is 
used, its size is preferably Within the aforesaid range, and more preferably within the range of 10 to 20 pm. Ueually. 
the amount of the adhesive agent applied is preferably about 1 (o 100 mgfem*, and more preferably atxsut 1 to 10 mg/ 
om^ although varying with the size of the epaoer used, etc. 
'ff [0021] Preferably, the spacer is used In combfnatlon with a sealing adheeiva agent, eo that the spacer can concur- 
rently be fbced and sealed. Usually, the spacer is m the form of particlsB having a uniform panicle eize, and its shape 
fs not particularly critloai to the practbe of the Inventksn. In other words, tho spacer may be used in varbus forms with 
the proviso that It can san/e its own functran. It is here to be noted that when the spacer ateo serves as an adhsshra 
agent, the spacer may be provided to the sealing sheet as an Integral ptece. 
20 [0022] For the adhesive agent, it is preferable to use a catfon curing epoxy resin of the uRraviolet curing type. Each 
of the organic layers fomiing the organic EL structure has a glass transMon temperature of ueually 140^0 or lower, 
and especially about 80 to 1 0O^C F^or this reason, an ordina/y thennosetting type adhesive agent cannot be used with 
an organic EL device, because its setting temperature is of the order of 140 to IfiO^C; the organic EL structure is 
soriened upon the setting of the adhesive agent, resulting in a deterbration in its performance. With an ultraviolet curing 
« type adhesive agent, on the other hand, such a softening problem does not arise. However, a commonly used current 
ultraviolet curing type adhesive agent is an aciyllo adhesive agent wfiich is found to have an adverse fnffuence on 
etruclurai materials forming the organb EL structure because of the volatiiization of the acrylic monomer contained 
therein during curing. As a consequence, the performance of the organic EL structure suffers deterioration. In the 
practice of the invention. It Id thus preferable to use the aforesaid cation curing type ultraviolet curing epoxy resin 
so adhesive agent which is completely or substantially free of euch problems. 

[0023] Commercially available uliravblet curing type epoxy reein adhesive agents Include a combined ultraviolet and 
hsal curing type epcoey resin adhesive agenl. In this case, a radical curing type acrylic rosin is often mixed or modified 
with a heat curing type epoxy resin, in other words, this adhesive agent is not preferable for use with the organic EL 
device of the invention because the problem incklental to the volatilization of the acrylic monomer in the acrylic resin 
OS or the problem in cornection with the setting temperature of the thermosening type epoxy resin remains el ill unsolved. 
[0024] By the 'catton curing type uttiavtoiet curing epoxy resin adhesive a^ent' used herein is intended an adhesive 
agent of the type which contains as a primary curing agent a Le%vis acid-base type curing agent subjected to photo- 
decomposition upon ultraviolet or other light irradiation to releaseaLewis acid catalyst, and in which a main component 
epoxy resin is polymerized and cured through a cation polymerlzattoo type reaotlort mechanism while a Lewis acid 
generated by light irradiation acts as a catalyst. 

[0025] The epoxy resin contained ae the main component in the aforesaid adhesive agent, for instance, includes an 
epoxidlzed olefin resin, an aiicyclic epoxy resin, and a novolak epoxy reeln. The aforesaid curing agent, for instance, 
includes a Lewis ackj-base of aromatic diazonium. a Lewis ackJ-base of diallylledonlum, a Lewis acti-base of triallyl- 
suifonium, and a Lewis acld-tTase of ti iaityleelenium. 

[0026] Tho organic EL device cbsed up with the adhesive agent is preferably filled thergin with an inert gae euch as 
He, IM2, and Ar. It ie then desired that the Inert gas fitted in this airtight Space contain moisture In an amount of preferably 
up to 1 00 ppm. more preferably up to 1 0 ppm, and even more preferably up to 1 ppm. The lower limit to thie moieture 
content is usually about 0.1 ppm although the invention is not limited thereto. 

[0027] Preferably but not exclusively, the height of the organic EL structure provbed In a film form is in the range of 
BO usually 1 00 to 1 .000 nm. and especially 300 to BOO nm. Also, the distance of the surface of the substrate, on which 
the film form of organic EL structure is provided, to the lower end face off the sealing sheet le preferably up to 200pm, 
and edpeeiaiiy between about 80 jjun and about 150 

[0028] The organic EL devtee of the invention will then be explained with reference lo Figures 1 to 2. 
[0Q2d] Figure 1 is a sectional view of ana ombodimeni of the organic EL device according to the Invenlioh. As illus- 
» trated. the organic EL davlca of the invention comprises a substrate 1 , an organic EL stnjcture 2 stacked on the substrata 
1, a scaling sheet 3 bcated on the organic EL structure 2 with a predetermined space between them, and a spacer 4 
located at a junctkxi 3a of the sealing eheet 3 with the substrate 1 lor keeping the sealing sheet 3 at a given distance 
from the aubstrate 1. It is here to be noted that the Juncllon 3a is coated or otherwise applied with an adhesive agent 
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(not shown) lo fix tha eaaling sheet 3 to th a substrate 1 . As inustrated, the 6dallng sheet 3 hasan in-egularfty or undutatfon 
whose size ie represented by a, and a distance b from the upper end of the organic EL staictura.to the iunciion of the 
deaJing sheet With the eubstrata is larger than the size a of the Irregutarity or undulation. Thus, a distance d from the 
surfece of (he substrata 1 , on which the film form of organic EL structure Is provided, totha junction 3a of the sealmg 
« sheet 3 is given by a hei^t c of the organic EL struoturo plua the size a of the irregulartty or undulation plus a given 
spaces. 

pKWq Figure 2 iftustratea another embodiment of the organic EL device of the Invention, wherein a recess 3b is 
provided in at least a portion of a sealing eheet 3 that oppoeee to an organic ELstruoturo 2 forthe purpose of preventing 
the sealing sheet from interfering with the organic EL stmcture. More illustratively^ the recess 3b having a given depth 

10 Is formed in a portion of the sealing sheet that opposes to the organic EL strucluro 2, whereby a given space b can 
be defined between the upper end of the organic EL structure and the lower end face of the sealing sheet 3 (i.e.. the 
bottom of the receas). In this case, too, It Ie possible to prevent the sealing sheet 3 from coming into contact with, and 
interfering with the organic EL etructurc 2. Here the lower end faco of the eeallng sheet 3 represents the bottom of the 
recess, and a height ^ f ram the sur^e of the substrata 1 to the lower end face of the sealing sheet 3 Is given by adding 
the aforesaid spaoe b to the height^ of the organic EL staucture. In this embodiment, a junction 3a ol the sealing sheet 
a is flush with the upper end of the organic EL structure. However, the Junction 3a may be located above or below the 
upper end o| the organic EL structure, and may be located at a position lower than that in the aforesaid embodiment. 
Although depending on the height of the organic EL structure, and the depth of the recess, the junction 3a may be 
bonded directly to the upper face of the substrate 1 without using a spacer 4. 

so . [0031] Next, the organic EL etnjcture forming pan of the oi^to EL device according to the invention Is explained. 
TTie organic EL etnicture of the invention oomprises on the substrate a hole bijecling electrode, an eteotroo injecting 
electrode, and at least one organic layer interleaved between both the electrodes. Each or the organic layer comprises 
at least one hole transporting layer and at least one light emitting layer, and ie provided thereon with an electron injecling 
electrode. In addlttoa a protective electrode may be provided in the form of the uppermost layer, il is to be noted that 

s$ the hole transporting layer may be dispensed with. The electron injecting elactroda in a film form Is made up of a metal 
having a low work function or a compound or alloy thereof by means of evaporation, and sputtering techniques, pref- 
erably a sputtering process. 

[0032] For the hole injecting electrode, it is usually preferable to use a transparent electrode because the organic 
EL device is designed to talce out the emined light from the substrate side thereof. Such a transparent electrode, for 

30 Instance, include ITO (tin-doped Indium oxide), IZO (Zino-doped indium oxide), ZhO, SnO^. and InsO^, wHh ITO (tin- 
doped indium oxide), and IZO (zinc-doped indium oxide) being prefernsd. Roforring to ITO. It is desired that the mixing 
ratio of Snp2 with rospact to InaQa be in the range off 1 to 20 wi%. and espeoialiy 5 to 12 wt%. Referring to IZO, it Is 
again desired that ths mixing iBtio ol ZnO with fOSpect to iri^ be in the range ol 1 to 20 Wt%, and eapeciaily 5 to 1 2 
wt%. Besides. ITO, and IZO may contain an oxide form of Sn. 71. Pb. etc. In an amount of upto 1 wt% calculatedas oxide. 

SB [0033] The hole injecting electrode nnay be formed as by evaporation, but should preferably be f omied by a sputtering 
. techniciue. When a spunering process is applied to the fomiattcn of an ITO or IZD electrode, It Is preferable to use a 
target comprising logOa doped with SnO^ or ZnO. An ITO transparent electrode, when formed by the.spunering tech- 
nique, suffers a leaaer light emission luminance change with time, as conipared with an electrode formed by evapbra- 
f tion. For the sputtering technique, il is preferable to use DC sputtering. Power input is then preferably in the range of 

^ 0. 1 to 4 W/cm^. Power input for a 00 sputtering system In panlcular Is In the range of preferably O. l to 1 0 }N/tn^, and 
more preferably 0.2 to 5 W/cm^. The film forming rate is prefersbly in the range of 2 to 100 nnVlmln., and especially 6 
to 60 nm/mln. 

(0034J Preferably but no exclueiveiy. an Inert gas such as Ar, He, Ne, Kr. and Xe or a mbdura of such Inert gases ts 
used B3 the sputtering gas. The sputtering preseure of such gases may usually be of the order of 0.1 lo 20 Pa. 
45 [0035] The hole injocting electrode may have at least a certain thickness enough for hole injection: that Is. It may 
have a thickness of usually 5 to 500 nm, and eepeciaKy 1 0 to 300 nm. 

[0036] For the material that forms a film form of electnon Injecting electrode, it is preferable to use a material effective 
for Injection of electrons and having a low work function, e.9., any one of metal elements IC U, Na, Mg, La, Co, Ca, 
Sr, Ba, Al, Ag. in. Sn. Zn, Zr, Cs, Er, Eu, Oa. Hf , Nd, Rb, So, Sm. Ta. Y and Yb, or compounds such as BaO. BaS, 

so CaO. HIC. LbBe, IW9O, MoC. NbC, PbS, SrO, TaC, TTiC. ThO^. ThS, TIC, TIN, UC. UN, \JO^ W2C. ZrC, ZrN. 

and Zfpa. To Improve the stability of the electrode, it is also prafarable to use binary or ternary alloy systems containing 
metal elements. Preferred alloy systems, for instance, are aluminum alJoy systems such as Al-Ca (Ca: 5 to 20 at%), 
AMn (In: 1 to 10 al%). AhLI (0.1 at% :S LI < 20 at%). and Al-R where R stands for a rare earth element Including Y. and 
Se, and In-Mg systems (Mg: 50 to 80 at%). Particular preference Is given to pure Al. and aluminum alloy systems such 

ss as AI4,i (0.4 al% s U < 6.S at% or 6.5 at% 5 U 5 1 4 at%), and AI.R (R: 0. 1 to 25 at%. and especially 0.5 to 20 at%) 
bacause Ihoy are unlikely to produce compression stress. Thus, such electron injgqling electrode^ormlng matala or 
alloys are usually employed as sputtering targets. These metals or altoys have a work function of 4.5 eV or lower. In 
the practice of the invention, it is partk^ularly preferable to use metals or alloys having a worit function of 4.0 eV or lower. 
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[0037] In the alactron Injecting Glactrodo tilm formed by tho Bputtorfng tachnlque, the atoms or atom groups upon 
eputtcrtng have a kinetic energy refatlvely higher than would be oiJtained with the ovaporallon technique, eo that the 
adhesion of the electron Injecting elecirode film to the organic layer at their Intertaco is improved due to a surface 
migration effect. In additfon, an oxide layer is removed in vacuum from the surface of the alectrode by pre-eputlering 

s Of moisture or oxygen Is removed from the organic layer Interlace, on whioh Ihey are absorbed, by reverse sputtering 
to fonn a dean otedrode-organic layer interface or a clean eleolrode, so that oondlatant organic EL devices of high 
quality can be produced. For the target, the alloys having the aforesaid composition range, and pure metals may be 
used alone or In combination witfi an additional target comprising a ^bordinate component Of components or with the 
addition of a subordinate component or componcni© therelo. It is also acceptable to use a mixture of materials having 

10 largely varying vapor pressures as the target, because there is only slight a deviation of the composition of the resultant 
film from the target composition. There is thus no limitaiion on the material used with the spunerfng technique, whereas 
there are some limitations such as vapor pressure on the evaporation technique. The apimering technique ie addilionally 
advantageous over the evaporation technique rn temts of conaislenl film thickness and Quality ds well as productivity, 
because It is Mnnecessary to feed the raw material over an extended period of time. 

« [OOaaj The electron Injectkig electrode formed by the spunerfng technique is a film so very dons© that the penetration 
of moisture kWo the film is much more reduced as compared with a coarse film prepared by avapofaticn, and so the 
chemical stabiiliy of the film Is much more increased. This ensures the production of organic EL devices having an 
ever longer service life. 

[0039] Preferably, the sputtering gas pressure during sputtering Is In the range of 0.1 to 5 Pa. By regulating the 
20 sputtering gas pressure withfn this range, it is posstoie to easily obtain an Aa.1 alloy having an U concentration In the 
aforoeaid range. By altering the sputtering gas pressure in the aforesaid range during film fontiation. it is also possible 
to easily obtain an electron injecting electrode having such an U concent i^tion gradient as defined atsove. Film formation 
conditions are preferably such that the product of the fitm-forming gas pressure and the sutiatrate-target distance 
satisfies 20 io 65 Pa cm, 

as [0040] For the sputtering gas. use is made of Inert gases employed with ordinary sputtering systenfts. For reactfve 
sputtering, reactive gases such as Ng. H^. O^, C2H4, and NH3 may be used in addition to these gases. 
[0041] In the practice ol the invention, it is possible to use an RF spullering process using an RF power source or 
tho like as the sputtering technique. In view of tho ease with which tho film forming rate Is controlled, and less damage 
tothe organic EL structure, however, it is preferable to usoa DC sputtering process. Power for operating a CD sputtering 

30 system is In the range of preferabfy 0. 1 to 1 0 W/cm^. and especially 0.5 to 7 W/em*. The film forming rate Is preferabfy 
In tho rang© of 5 to 100 nnrVmin., and especially 1 0 to 50 nm/min. 

[0O42] The thin film form of electron InJecUng electrode may have at least a certain thickness enough for the injection 
of electrons, e.g., of at least 1 nm, and preferably at least 3 nm. Thus, a film thlcknesa of the order of 3 to 600 nm is 
usually preferable aitfiough there is no upper limrt thereto. 

^ [0043] The organic EL device of the Invention may preferably have a protective electrode on the electron injecting 
electrode, i.e., on the side of the electron infecting electrode that faces away from the organic layer. By the provisbn 
of the protective electrode, the electron injecting electrode b protected against the air, moisture, eta, so thai the dsg- 
. radatkxi of the ccnsltluting thin film can be prevented, resulting in the stablllzatton of electron Injection efficiency and 
an ever greater increase in the sendee life of the device. The protective electrode has a very k>w resistance, and so 

40 may also function as an friterconnoctlng electrode when the electron Injecting electrode has a high resistance. The 
protective electrode may contain at least one of Al; Af and a transrtion metal except 71; and titanium nitride (TIN). 
When these are used alone, the pnotectiv© electrode preferably conlains Al fri an amount of about 90 to 100 at%. 7i in 
an amount of about 90 to 1 00 at%. and TIN in an amount of about 90 to 1 00 mol%. Two or more of Al, Tl and TIN may 
be used at any desired mixing ralk>. For instance, a mixture of Al and Tl prolorably cantai na Ti in an amount ol up to 

<s 10 at%. Altemalively. il Is acceptable to laminate together laminae each containing a single species. In particular, 
favorable rosutis are obtained when Ai or Al plus Iranshlon metal are used as the interconnect^g electrode to be 
describad later. TIN. on the other hand, provides a film having a striking sealing effect because of its good corrosion 
resistance. For UN, an atx>ut 10% deviation from its stoichiometric composition is acceptable. In ad(Stk3n, Al alloys, 
and transition metal altoys may contain transltkjn metals, especially Sc, Nb, Zr, Hf . Nd, Ta, Cu. Si. Cr. iWlo, Mn, Ni, Pd, 

so pt and W in the total amount of up to 10 at%. especially up to 5 at%, and more especially up to 2 ai%. When the 
protective electrode functions as the interconnecting notarial, tha thin film resistance becomes lower wfth a doerease 
in the content of the transition metal. 

[0044] The protective electrode may have at least a cerUiin thickness enough to make sure of electron Injection 
efficiency and prevent penetration of moisture, oxygen or organic solvents, for Instance, of at least SO nm, preferably 
ss at least 1 00 nm, and especially 1 00 to 1 ,000 nm. With too thin a protective eleclrode taysr, neither are the advantages 
of the Invention obtainable, nor is suricient connection whh terminal electrodes obtainable because the ability of tho 
protective electrode layer to cover steps becomes low. When the protective electrode layer Is too thksk, on Ihe other 
hand, the growth rate of darlc spots becomes high because of an Increase in the stress of the proteolrve electrode layec 
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ft Is hara to be noted that wtien the protective elactfode f unctton« ae an interconnaoting electrode, fts thickness may 
be usually of the order of 100 to 600 nm so as to mako up for the high film resistance of the oleotiPn Injecting electrode 
dua to fte thinness, and that when the protecth/a electrode functteos as other "mtartJonnectlnQ eleecrode, Its thickness 
may be of the order of 100 to 300 nm. 
s [00451 Preferably but not exclusively, the total thickness of the electron injecting electrode plus the prolecfivo elec- 
trode is usually of the order oMOO to 1,000 nm. 

[0046] In addition tothe aforeeakl protective electrode, an additkxial protective film may be formed after the fomiatton 
of the eiectroda. The protective film rray be fomwd of cither an Inorganic material such as SIQx or an organic material 
such as Tenon, and a chlorofie-contalning carbon fluonde polymer. The protecthro film may be either transparent or 
10 opaque, and has a th Ickness of the order of 60 to 1 .200 nm. The prolectiva film may be Ibrmed either by tha albresaid 
raacTlve sputtering pnxeas or conventional praoesees euch as general sputtering, evaporation or PECVD. 
[0047] Next, the organic material layere provWed In the organic EL device of the Invention are axplainod. 
[0048] The light emrning layer has funotbns of injecting holes and electrons, transporting them, and recombhiing 
holes and electrons to create eoccltons. For the light emitting layer, it is praferable to use a relativaly electronjcally 
neutral compound. 

[0049] The hole injecting and transponlng layer has functions of facilitating injection of holes from the hole injectbig 
eleclfode, providing stabJe transportation of htdee and blocking electrons, and the electron injecUng and t/ar>6porting 
layer has functions of facilitating Injection of electrons from the cathode, providing stable transportation of electrons 
and blocking holes. Those layers are effective for increasing the number of holes and electrexis Injected into the light 
?^ emitting layer and canfining botes and electrons therein for optimizing the recombination region to Improve lidht amis- 
sion efficiency. 

[0050] The thickness of the light emitting layer, the hols Injecting and transporting layer, and the electron Injecting 
and transporting layer Is not critkral and varies with a particular formation technique although it is usually of tho order 
of preferably 5 to 500 nm, and especially 1 0 to 300 nm. 

'5 [00S1] The thickness of the hole injaciing and transporting layers, and the electron Injecting and transporting layer 
is equal to. or about 1 /1 0 times to about 1 0 times as large as the thickness of the light emitting layer although it depends 
on the design of the recombinaiion/light emfttlng region. When the electron or hole injecting and transporting layer is 
separated inlo an injecting layer and a transporlffig layer, it is preferable that the Injacthg layer is at least 1 nm thick 
and the transporting iayer Is at least 1 nm thtek. The upper limit to thickness Is usually about 500 nm for the injecting 

o layer and about 500 nm tor the transporting layer. The same film thickness applies whan two frijecting and transporting 
layers are provided. ■ • 

[0052] In the organic EL dsvk:a according to the invention, the light amittlng layer contains a fluorescent materlaJ 
that is a compound capable Of emittffig Bghi. The fluorescent material used herein, for Instance, may be at taaet one 
compound selected from compounds such as those disclosed in JP-A 63-264692. e.g., quinacridono, rubrano; and 

^ styryi dyes. Use may also be made of qulnolrne derivatives euch as metal complex dyes oonlaining 8-qulnollnol or its 
derivative as ligands. for instance, trl3(a-qulnolinolalo)aluminum. tetraphenylbutadlcne. anthracene, perylena, eor- 
oncne, and l2-phthatoparlnone derivatives. Use may further be made of phenyianlhracane derivatives discfosed In 
Japanese Patent Applicatton No. 6-110569 and tetraarylethene dertvailvas disclosed in Japanese Patent ApoUcalion 
No. 6-114456. 

> {0053] Preferably, the fluorescent compound is used In combination with a host substance capable of emitting light 
by Itself; that is. it is preferable that the fluorescent compourwl is used as a dopant. In such a case, the content Of the 
fluorescent compound In the flghl emitting layer is In the range of preferably 0.01 to 10% by weight, and especially 0.1 
lo 5% by weight. By using the fluorescent compound in oombinatton with the host substance, it Is possible to vary the 
wavelength performance of light emission, thereby making light emission possible on a longer wavelength skle and. 

* hence, improving the light emission officioncy and stability of the device. 

[0054] Ouinollnolato complexes, and aluminum complexes containing 8-quinollnol or its derivatives as ligands are 
preferred for the host substance. Such aluminum complexes are typically cfisclosed in JP-A*b 63-264692, 3-255190. 
5-70733, 5-26ad59, 6-215874, etc. 

[0O$5J Exemplary aluminum complexes include trls(a-quinollnolato)aiuminum. bls<8-quinol'[noiato)magneslum, bis 

> (ben2o{f)-e-qurnolinolaSo)zinc, blB<2-mothy|.8-qulnoljnolato)aluminum oxide. trfs(8<julnollnolalo)indlum, tris(S-methyl- 
e-quinolinoIaio)alumlnum. 8-quinolInolatolithium, tris(5-chloro-B-quinolinolato)gaifium, bi8(5-chloro-S-quinollnoiato) 
calcium. 5.7-dichIono^-qulnolinolatoalumlnum, 1ri3(5,7-dibromo-B-hydroxyquinollnolato)aluminum, and pOly[zlnc(ll>> 
bis (B-hydroxy-S-quinoilnyl)methanel. 

[0050] Use may also be made of aluminum complexes containing other Uganda in addition to 8-qulnolinol or Its 
f dsfivaUves. for instance. bls(2.metbyl-e-quinolinolaio)(phenolato) aluminum (III). bjs(2-methyi-8-ciuinolTOlato)(o- 
croeolato) aluminum {III). bjfi(2-methyl-8-qujnolinolato)(m-cresolato) aluminum (ill), bisC2-methyl-e-qu!nolfriofeito)(p- 
cresolato) aluminum (111). bfs(2.melhyl-e-qulno||nolato)(o-phenyl-phenolato)alumlnum (111), bis<2-meihyl^-qulnollnola- 
to)(m-pheny|phenolato)aluminum (III). bts(2-methyl-a.quinollnolato) (P'phenylphenolato)eluminum (III), bls(2-mothyl- 
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S-qulnofinolato)(2.3KJinnethylphBnolalo)alumlnum (ill), bi3(2-^ethyl^ulnollriolata)(2,6<iirnethylph6nolalo)aruminum 
(III), bi8(2-methyl-B-quinolinolato)(3.4-dirTie1hylphenolalo)aJumlnum (III), bi£(2-malhyl-&<)uino»nolato)(3,5-dlmethyl- 
phonolato) aluminum (III). bla(2'^thyl-e-qulno«inolato)(33<li-tBft4>utylph6nolato)al^ (III), bl8(2-methyl-8-quI- 
nollnolato) (2,6-cilphenytphenolato)alumfrium (III), bld(2-riiemyhBK)UTOlinotato)(2,4.6-triphenylphenolaCo)alurnlnurn 

5 (III), br6(2-mcthyl-e-qulnolinofato) (2,3,6-trimoihyl-phefX)lalo) aluminum (IIJ), bi3(2-inGthyl-a^ulnolinolHto) (2.3,9,6-te- 
tram9thylphenoteto)a]Limfnum (III). b}8(2-m9myi^qulrtOlinolato)(1<naphtholato)alumlnum (III), bis(2-msthyl-d-qulno- 
linoIato)(2.naphtholato>alumlnuiYi (IH). bis(2,4-cfimaihyW-qulnc4lholato)((>i>hanylphenolato)alumfnum (III), bis 
(2.4-dimelhyJ-B-quinolinolato) (p-phonylph©nolato)aiuminum (III). b|8(2.4-dImethyl-B-quInonnolato)(m-phdnylphonoIa- 
to) aluminum (ill), bis(2,4KJlmdYhyi-8<)uinolliiolato)(a5^lmethylphenolato)alumirium (111), bis(2,4<dimethyl-e-qulno- 

10 linolato)(3.5<Jl-tert-butylphonolata)alumliium (III). bl&(2HnathyU-ethy^-qurnollnolato)(p^roGOlato)alumlrajrn (III), bis 
(2-me%l-4.methQxy^-qulnolinctoto)(p-phonyl-phenola!o)alumlnum (III), bl6(2-methyr^-cyano^ulnolholato)(o- 
cr©solalo)aJuminum (III), and bifl<2-f7iethyl-6^rifluoiwnelhyl-B-qulhoilnolaio)(2HTaphthoJato)alum (III), 
[0057] Besidaa, usemay bemad8arbIs(2-mathyl-8-qulnolinolBlo)alumlnum (Ill)-fjroxo-bt8(2-msthyl-e-qulnolinolaio) 
aluminum (lltK bi3(2,4*dim0myl-e-qufnolJnolato)atumlnum (llt)iipOOKH)is(2,4-clim0thyl-eH;)ulnollnotato)Blumrnum (111), 

IS bl3(4^1hyl-2-mo!hyl-e-qtfn6lrnolato)aIunilnum (lll)-^«o*ls{4-flthyl-2-methyl-fl-qul^oll^olato)alunnlhum (III), bis 
(2-methyl-4-mBthoxyqulnolinolato)alumhiim (III>ii-oxo-bls(2-malhyM-methojcyquinolinolato)alumlnum (III), bls(5-cy- 
ano-2-mothyl-8-qulnolinolato)alumlnum (lir)-^-oxo-bi3(5-cyano-2-mothyl^-quinoUnotalo)alumrnum (III), ble(a-m©lhyl- 
5-trifiuoromeihyl-8-quinolinolato)aUimlniim (iri)-^K3Dco-bte(2-methyl-5-trmuofomclhyl-8-quinolinolalo)^^^ (IM), 
etc. 

£0 [0068] Other preferable host substancee includo phenytanthraceno dflrivativ9& dieclooed in Japanese Patem Appli- 
cation No. 6-110569. tQtraarytetiiene darh/ativas disetoaad in Japanese Patent AppBcation InTo. 6-114456. oto. 
[0059] In the practice of the Invention, the light emitting layer may aleo een/e as an electron Injecting and traneponing 
layer In this case, it is preferable to use a fluorescent material, e,g., tri6(8-quinolinolalo)aluminum or the lilce, which 
may bo provided by dvaporation. 

^ [0060] If neceesary or preferably, th s light amining layer Is formed of a mixed layer of at least one compound capable 
of injecting and transporting holes with at least one compound capable of mjecttng and transporting electrons. Prefer- 
ably In this case, a dopant Is incorporated in the mixed layer. The content of the dopant compound In the mixed layer > . 
ie in the rang© of preferably 0.0 1 to 20% by weight, and eepeoiaily 0.1 to 16% tiy weight 

[0061] In the mixed layer with a hopping conduction path available for carriers, each carrier migrates in the poiaiiy 
^ prevailing substance, so making the injection of carriers leaving an opposite polarity unlikely to occuc This loads to an ' 
increase in the service life of the device due to loss damage to the organic oompound. By incorporating the aforesaid 
dopant in such a mixed layer, it is poesibEe to vary the wavelength peifomiance of light emissbn thai the mixed layer 
itsfllf possesses, thereby shirting the wavelength of light emissk^n to a longer wavelength side and improving the in- 
tensity of light emission, and the stability of the device as well. 
^ [0062] The compound capable of injecting and Iransporting holes and the cxxnpound capable of injecting €uid trans- 
porting electrons, bolh used to form the mixed layer, ma^ be selected from compounds for the injection and transpor- 
tatkin of holes and compounds lor the injection and transportation of electrons, as will be described later. Especially 
tor the compounds for the injection and trartsportation of holos» H is proferable to use amine derivatives having strong 
fluorescence, tor instance, hole transporting materials such as triphenyldiamlne derivatives, styrylamlne derlvailvee. 
^0 and amine derivatives having an aromatic fused ring. 

[0063] For the compounds €:apable of injecting and transporting electrons, It Is preferable to use metal oomplexes 
containing quinoline derivatives, especially 8-quinolmol or its dsrivatlvee as llgands, in particular, tri3(8-€iUinoIinotato) 
aluminum (Alqf^). It is also preferable to use the aforesaid phenylanthracene derivatives, and letraarylethena dsriva- 
tives. 

4S [0064] Forthe compounds for the injection and transportation of holes, it te preferable to use amine dcrivativGS having 
strong fluorescence, for instance, hole transporting materials such as uiphenyldiamlne dertvatfves. styrylamine deriv- 
atives, and amine derivatives heivrng an aromatic fused ring. 

[0065] In this case, the ratk> of nnixing the compound capable of Injecting and transporting holes with the compound 
capable of Injecting and transporting electrons Is determined while the carrier mobility and carrier density are taken 
so into cons [deration. In genera), however, it Is preferred that the weight ratio between the compound capable Of injecting 
and transporting holes and the compound capable of injecting and transporting electrons is of the order of 1/S9 to 98AI , 
particularly 10/90 to 90/10, and rTx>ra particularly 20/80 to 60/20. 

[0066] The thickness of the mixed layer must correspofvd to the thckness of a single molecular layer, and so Is 
preferably Isss than the thickness of the organic compound layer More spsciflcally, the mixed layer has a thickness 
SS of preferably i to 85 nm. especially 5 to 60 nm, and more especially 5 to 50 nm. 

[0067] Prsrarsbly, the mixed layer Is formed by co-evaporation where the seleeled compounds are evaporated fnom 
different evaporation sources. When the compounds to be mixed iiave kienticaJ or slightly dilferant vapor pressures 
(evaporatton temperatures), liowever. th^ may have prevkiusly been mixed together In the same evaporation boat 
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for tha aubsequent evaporation. Preierably, tho compounda are unilormly mixed together in the mbced layer. Howe^r. 
the compounete in an archipelagic lorm may bo pi^eent in the mixed layer Tho light ammrng layer may generally be 
formed at a gh/en thickness by the evaporation of the organic fluorescent eubetance of coating a dispersion of the 
organic Tluorescent eubdtance in a re&in binder. 

* 10068] For the hole injecting and Iransponlng layer, use may be made ol various organic compounds as discloeed 
in JP-A'e 63-295696, 2-191694. 0^792, 6-234691. 5-239455, 5-299174. 7-126225. 7-128228 and 8-100172 and EP 
0650956A1 . Examples are telraary IbenzkJina compounds (trfaiyldiamlno or trtphenyldfamine <TPD)). aromatic tertiary 
amines, hydrazone derivatives, cart>azotd derivatives, trfazole derivatives, imIdwroJe derivatives, oxadiazole deriva- 
tives having an amino group, and porythlophenee. Where these compounds are used In combination of two or more, 

to they may be stacked as separate layers, or othenvise mixed. 

[0069) When the hole injecting and tranepoiting layer is provided as a separate hole Injecting layer and a separate 
hole traneporting layer, two or more compounds are selected in a preferable combination fiom the compounds already 
mentioned for the halo injecting and transporting layer. In this regard. It Is preferred to laminate layers in such an order 
thai a compound layer having a lower ionization potential ts disposed nearest to the hole injecting electrode (I70. eta). 

« it is also preferred to use a compound having good thrn film forming ability at the surface of the anode. This ordsr of 
lamination hoTds for the provision of two or more hole Injecting and transporting layers, and is effective as well for 
lowering driving vollage and preventing the occurrence of current leakage and the appearance and growth of dark 
spots. Since evaporation Is utilized rn the manufaclure of devices, films as thin as about 1 to 10 nm can be formed In 
a uniform and pinhofC''free state, which restrains any change in color tone cff light emission and a drop of efflcloncy by 

so re-absorption even if a compound having a low Ionization potential and absorption in the visible range Is used in the 
hole injecting layer. Like the light emittng layer and so on, the hole Injecting and transporting layer or layers may be 
formed by evaporating the aforesaid compounds. 

[0070] For the elecTnon injecting and transporting layer which Is provided ft necessary; there may be used quinoBne 
derivatives euch as organic metal complexes containing e-quinolinol or tts derivatives as ligands, for InstarWse, tris 

^ (B<tulnonnolato)aluminum (Alcf). oxadiazole denvatives, perylene derrvatrves. pyridine derivatives, pyrimidine deriv- 
atives, quinoxaline derivative, diphenylquinone derivatives, and nitno-substltuted fluorene derivatKree. The electron 
injscirng arxj transporting layer may also serve as a light emttting layer. In this case, it is preferable to use trl8(8-qui- 
nolilato)aluminum, etc. As is the case with the light emitting layer, the electron Infecting arKi transporting layer may 
then be formed by evapora1k>n or the like. 

^ [0071] Whore tha electron Injecting and transporting layer is a cjoubla-layered structure comprishg en electron in- 
jecting layer and an electron Transporting layer, two or more compounds are selected In a preferable combination from 
.the compounds commonly used for electron injecting and tran&porting layers. In this regard, it is preferred to laminate 
layers In such an ordec that a compound layer having a greater electron affinliy Is disposed nearest to the electron 
injecting electrode. This order of lamination also applies where a plurality of electron injecting and transporting layers 

^ are provkled. 

[0072] The substrate may be provided with a cotor filler film, fluorescent material-containing color conversion film or 
dielectric reflecting film for comrolling the cotor of light emlselon. 

[0073] For the color fi Iter f i im, a cotor filter emp loyed with liquid crystal display devices may be used. However, it is 
preferable to conuol the properties of tho color filter In oonlormiiy to the light emittedf rom the organic EL devtee. thereby 
^ optimizing the efficiency of taking out light emission and color purity. 

[0074] By using a color filler capable of cutting off extraneous light of such short wavelength as absorbed by the EL 
device material or the fluorescent converskxi layer, it is possflsle to Improve the light resistance of the device arxj the 
contrast of what is displayed on the device. 

[00761 Instead of the color filter an optical thin film such as a dielectric multilayer film may be used. 
45 [0076] The fluorescent color conversion film absorbs light emitted from an EL device and gives out light from tha 
phosphors contained therein for the cotor conversion of light emission, and is composed of three components, a binder, 
a fluorescent material and a light absorbing material. 

[0077] In the practice of the Inventton, h is basically preferable to use a fluorescent material having high fluorescent 
quantum efficiency, and especially a fluorescent material having strong absorptton In an EL light emission wavelength 
so region, i-aser dyes are euitable for the practice of ths Invention. To this end, for Instance. It is preferable to use rohod- 
amine compounds, psrytene compounds, cyanine compoiFids, phihalooyanlne compounds (Including subphlhalocy- 
anlne compounds, alc), nephthaloimidc compounds, fused cyclic hydrocarbon compounds, fused heterocyclic conv 
pounds, atyryl comp^jnds. and coumarin compourxia. 

[0076] For the binder, it is basically preferable to make an appropriate selection from materials that do not extinguish 
ss fluorescence. It Is particularly preferable to use a material that can be finely patterned by photolithogiaphy, printing or 
the like. It is also preferable to use a material thai is not damaged during ITO or IZO film formation. 
[0079] Tho light absorbing material Is used when light is not fully absortjod by the fluorescent material, and so may 
be dispensed wHh, if not required. For the light absorbing material, it is preferable to make a selectton from materials 
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thai do not extinguish fluoresconca. 

[OOSOJ To form the hole injecting and traneporting layer, the fighl emitting layer and the oteciron ln}ecling and trans- 
porting layof. it is preferabla TO Ude a vacuum evaporation technique which anablee a homogeneous thin film to be 
obtained. According to the vacuum evaporation process, it is possible to obtain homogeneous thin films in an amor- 
5 phous stale or with a crystal grain diameter of at most 0.1 >uii. The use of a thin fifrn havlrg a crystal grain dtameter 
exceeding 0.1 results In non-uniform light amission, lb avoid this, ft Is required to ihorease the driving voltage or 
the device; howaver. there is a striking drop of charge Iniection efficiency. 

[0081] No particular limitation is imposed on vacuum ovaporatlon conditions. However, an evaporation rate of the 
onder of O.Ol to 1 nm/sec. is preferably applied at a degree of vacuum of 1 Pa or lower. It is also preferable to form 
the layers continuously In vacuum. If the layers are continuously formed in vacuum, high properties are then obtained 
because the adsorption of Impurities on the Interface between the adjacent layers can be avoided. Furthermore, the 
driving voJiage of the device can be lowered while the growth and occurrence of dark spots arc Inhibited. 
[0082] When the vacuum evaporation process is used to form the layers, each ooniafning a pluraifty of compounds, 
it is preferabio to cany out co-evaporatlon while boats charged wUh the compounds are individually placed under 
IS temperature control. 

[0083] The organic EL device of the Invention is generally of the DC drive type while It may be of the AC or pulse 
drive type. The appliad voltage is generally of the order of 2 to 20 volts. 

EXAMPI.£ 

20 

[0084] The present invention are explained more specinoally with reference to some examples. 

^ [0085J A glass substrate was provided thereon with an B5 nnr^-thick iTO transparent eiactrcxfs (hole Injecting elec- 
trode) In such a way that pixels (280 x 260 pm per pixel) were patterned on the ITO transparent efecCrode according 
to an array of 64 dots x 7 lines. Then, the substrate with the patterned hole injecting electrode formed on ft was ultra- 
sonlcaBy washed with neutral detergent, acetone, and ethanol, and then pulled up from boiling ethanol. tbilowed by 
drying. The substrate was subsequently cleaned on its surface with UV/P3. Then, the substrate was fixed to a substrate 

00 holder in a vacuum evaporation system, which was evacuated to a vacuum of 1 x 1(H Pa or lower. 4.4*.4Mris(-N- 
(3-msthylphenyl)-N-phanylamlno)lriphenylamino (m-MTDATA) was deposited by evaporation at a depoeilkxi rate of 
0.2 nm/sec. to a thickness oT 40 nm. thereby forming a hole injecting layer. With the Vacuum still maintained. N,N'- 
diphenyl-N.N*-m-tolyM,4'-diamino-l . 1 •-biphenyl (TPO) was then deposited by evapoiatksn at a deposition rate of 0.2 
nm/sec. to a thickness of 35 nm, thereby forming a hole transporting layer With the vacuum stiil kept. tris(8-qulno- 

ss llnolato)aluminum (Alq^ was doposKed by ovaporatlon at a deposition rate of 0.2 nm/eec. to a thickness of 60 nm, 
thereby fomiing a combined electron Injectingrtransporting and light emitting layer. With the vacuum still kept. MgAg 
was deposited by co-svaporation at an evaporation rate ratio of Mg: Ag «^ 1 : 10 to a thickness of 200 nm, thereby forming 
an electron Injecting layer, with the vacuum still maintained, this EL devtee substrate was transfeir^ to a sputtering 
system where an Al protective film of 200 nm in thickness was f ornDed ai a epultoring pressure of 0.3 Pa by means of 

^ a DC sputtering process using an Al targsL Ar was used for the sputtering gas, with a power input of 500 W. a target 
diameter of 4 inches, and a substfate-target distance of 90 mm. The thus obtained film form of organic EL structure 
had a total thickness ol 610 nm. Finaily, an adhesive agent and spacers shown in Table 1 were used to bond a glass 
material sealing sheet shown in Table 1 to the eubstrato and thereby close up an organic EL structure. The glass 
material used was soda lime glass of 1 .1 mm and 0.7 mm In thickness. Some sheet glasses ware ground (with 20 \un 

^ urxjuiattons of the 1 . 1 mm thick glase, and 1 5 to 20 11m undulations of the 0.7 mm thick glB88)» and soma glasses were 
rv3t ground (with 30 to 40 Kun thick undulatksns of the 1 .1 mm thick glass). 

[0036] in the air atmosphere . a DC Voltage was appliad on the thus Obtained organic EL device to drive it continuously 
for 100 hours at a constant current density of 10 mA/cm2 under acceleration eonditlone or60*C temperature and 05% 
humkJrty to make estimation of the occurrence of daric spots. The results are shown in l&bie 1 . 

CO 

Table 1 



Sample No. 


Thickness of sealing sheet 


Undulations (um) 


Spacer i^im) 


Dark Spots 


1 


1,1 mm 


20 


100 


< 10 ;xm. undetected 


2* 


1.1 mm 


20 


20 


10 -50 Mm 


3* 


1.1 mm 


20 


7 


50-100 Mfn 
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l^blo 1 (continuod) 



Sample No. 


ThioKnes3 of sealing oheet 


Undulations {\m\) 


Spacer (pm) 


Daric Spots 


4 


1.1 mm 


30-40 


100 


< 10 >im. undetBctsd 


5- 


1.1 mm 


30-40 


20 


50- 100 pm 


6* 


1.1 mm 


30-40 


7 


50 • 200pLm 


7 


0,7 mm 


20 


100 


< lO^im, undetected 


B- 


0,7 mm 


20 


20 


25- lOOpm 


9* 


0.7 mm 


20 


7 


50 - 200 \im 



*Conipari»Ort 



[0067] Aa can be seen from Table 1 . dark spots arc little found in the iiwentive eamplee. Thus, the inventive samples 
show good peifofmance. 

IS 

ExampfQ 2 

[0068] Organic EL devices were prepared following Example 1 with the exception that roceeees were provided fn 
the unground gtaee sealing sheets of 1 .1 mm In thickness, used in Example l . by prooeeelng meane shown in Table 
^ 2, and these recessed were bonded to the substrates with no use of any spacer whilo they were in opposition to the 
organic EL structures. 

[0080] As in Example 1 , the obtained organic EL devices were estimated. The nseulte are shovvn in "bble 2. 



Tabl8 2 



Sample Na 


Thickness of sealing 
eheot 


Proceeding of sealing 
sheet 


Depth of rocass (^m) 


Darl( Spots 


11 


1.1 mm 


Sandblasting 


100 


< to iim. undetected 


12' 


1.1 mm 


* Sandt>lasting 


20 


50 - 100|im 


13 


1.1 mm 


Etching 


100 


< 10 |im, undetected 


14 


1.1 mm 


Etching 


20 


10 -25 pm 


16 


1.1 mm 


Grinding 


100 


< 10 pm, undetected 


16* 


1.1 mm 


Grinding 


20 


to-ao pm 



Cotnpvrison 



3S 

[0O90!] As can be seen from Table 1 , dark spots are JIttiD round in tha Inventiva samplas, Ttiue, the Inventive samples 
show good performance. 

£0091] According to the prasent Invention, it is thus possible to provide an organic EL device comprising a sealing 
sheet that can be produced at tow costs yet with high productivity, and can have no interference with an oiiganic EL 
40 stnjcture while there is a proper cleamnce between tham. 

[0092] Japanese Patent Appiicatfcn Na 299624^967 is herein incorporated by reference. 

[0093] Although soma preferred embodiments have been describad, many modirtcations and variations may be made 
thereto In the light of the above teachings. It is therefore Lo bs understood thai within the scope of the appended claims, 
the invention may be practiced othenvisa than as specifically described. 



ClBlme 



1. An organic electrofuminescant device, which comprises a substrate, an organic eie^ioiuminescsnt structure pro- 
se vidad on the substrate, and a sealing sheet tocaled at a position above said substrate, where said sealing sheet 

Is in no contact with said organic electroluminescent structure, and In which a height from a surface of said sub- 
strate, on which a film form of organic elaetroiuminesoent device structure is fbnmed, to a Junction of said sealing 
sheet With said substrate iias a value larger than a value obtained by adding a size of an inegularity or undulation 
of said sealing plale to a height of sakJ organic eleotroiuminesoent structure. 

2. The organic eiectroiumineseent device according to claim 1 , wherein said sealing sheet Is an unground flat sheet 

3. The organic electroluminescent device according to claim 1 . wherein the elze of said irregularity or undulatton of 
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said saaltng sheet is wfthin 60 i^m. 

4. The organic electroluminescent device according to claim 1 . wherein the height from the surface of said substrate, 
on which said film form ol organic electroluminescent structuro Is formed, to the Juneilon of said sealing sheet with 
said substrate is up to 120 ym. 

5. The organic electroluminescent device according to claim 1 , Wherein a spacer is Inlerieavod between the surfaoe 
of said substrate on which said film form of oiganic olectrotuminescent elnjcture is fomied and the Junction of said 
sealing sheet with said substrate. 

6. The organic electroluminescent device acoording to claim 1, wherein a recess Is provided In a lower side of said 
sealing sheet and in at least an area of said sealing sheel that opposes to said organic electroluminescent stricture, 
so that the height from the surface of said substrate, on which said film form of organic electrofumincscent structure 
Is fonmed, to the [unction of said sealing eheet with said substrate Is acQusted by a depth of said recess. 

7. The organic sfectroluminescent device according to daim 6. wherein the recess In said sealing sheet Is formed 
by sandblasting or cutting. 

8. The organic electroluminescent device according to claim 6. wherein saidseallng sheet Is bonded to said substrate 
^ using an adhesivo agent having a spacer of 3 to 1 0 ^m. 



S3 
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